Introduction
Permanent pacemaker failure to capture can occur owing to several causes, including battery depletion, circuit problems, lead dislodgement, metabolic abnormalities, and drugs. 1 Although acute coronary syndrome (ACS) can cause this phenomenon, there are few reports in the literature describing pacemaker malfunction as a consequence of ACS. [1] [2] [3] [4] [5] The effect of temporary myocardial ischemia and reperfusion on myocardial conduction properties is well known in animal models. 6, 7 In the literature, only 2 case reports 1,5 have described the recovery of stimulation thresholds after reperfusion, and, in both, this occurred after weeks. We report a unique case of pacemaker malfunction associated with acute myocardial infarction (MI) with early normalization of the pacing threshold following angioplasty of the right coronary artery (RCA).
Case report
An 87-year-old woman was admitted to the emergency department because of syncope that occurred 1 hour earlier. She denied other complaints. Her past medical history included hypertension, diabetes, ischemic stroke with mild cognitive impairment, and complete atrioventricular (AV) block requiring implantation of a permanent single-chamber pacemaker 10 months before (Zephyr SR, St Jude Medical, St Paul, MN). The choice for a single-chamber device was owing to cost concerns and the patient's clinical status and because the AV block was intermittent at the time of implantation. A previous elective evaluation of the pacemaker revealed a stable stimulation threshold (consistently 0.75 V @ 0.5 ms) and right ventricular (RV) sensing (R wave: 9.3 mV). The pacemaker was programmed to VVI mode at 60 beats per minute, output 2.5 V @ 0.5 ms. The rate response (VVIR mode) was not selected because the patient was physically inactive.
Physical examination at admission revealed jugular venous distention, heart rate of 42 beats per minute, and blood pressure of 90/40 mm Hg. Her presenting electrocardiogram showed pacemaker loss of capture, intermittent R-wave undersensing, AV dissociation, junctional escape rhythm, and marked ST-segment elevation in the inferior leads (II, III, and aVF), consistent with inferior MI ( Figure 1A ). Immediate pacemaker interrogation showed a significant increase in RV pacing thresholds (4.0 V @ 0.5 ms) with intermittent RV sensing at 2 mV. Lead impedance was within normal ranges. There were no electrolyte abnormalities or lead dislodgement. Immediate, consistent RV capture was obtained by increasing the RV stimulation output to 7.0 V @ 1.5 ms ( Figure 1B ), and hemodynamic stability was achieved. Urgent cardiac catheterization showed proximal thrombotic occlusion of the dominant RCA (Video 1, available online). After RCA reperfusion, several coronary branches to the right ventricle could be identified, some of them in close proximity to the pacemaker lead tip (Figure 2 ). A bare metal stent was successfully deployed and the patient was transferred to the Coronary Care Unit hemodynamically stable. Pacemaker interrogation 3 hours after stent placement showed improvement in RV pacing thresholds (2.0 V @ 0.5 ms).
Discussion
The present case illustrates the unique relationship between acute myocardial injury, reperfusion, and transient pacemaker malfunction. To the best of our knowledge, to date, no case reports have demonstrated this relationship in a clinical setting. The RV infarction that occurred in the setting of an occluded RCA resulted in increased RV pacing thresholds, with temporary loss of capture and undersensing. Other potential causes of pacemaker failure (lead dislodgement, fracture or insulation break, and electrolyte disturbances) were excluded. After RCA stenting, reperfusion was observed and the RV threshold decreased almost immediately.
Myocardial resistivity changes dramatically when local ischemia is induced over a period of 30 minutes to several hours. 6 Some mechanisms have been proposed to explain how ischemia affects myocardial conduction properties. Hypoxia, as a constituent of ischemia, produces electrical uncoupling of myocardial cells, leading to an increase in intracellular resistance of 50%-100% within 30 minutes. 6 This cell-to-cell electrical uncoupling induced by ischemia is reversible after reperfusion, as demonstrated by Cascio et al. 7 Coronary artery occlusion also causes an accumulation of K þ in the extracellular space, which has been associated with a number of electrophysiological changes. 6 Laird et al 8 used a swine model to characterize intracoronary pacing capture thresholds and their response to acute ischemia. Most animals showed a stabilization or reduction in threshold at 1 minute and a more varied response after 8 minutes. The baseline capture threshold was 4.0 Ϯ 0.5 mA. The mean capture threshold was 3.3 Ϯ 0.3 mA at 1 minute and 4.5 Ϯ 0.9 mA at 8 minutes of ischemia. Cui et al, 9 also using pigs, demonstrated that acute ischemia for more than 30 minutes could increase transcoronary pacing threshold almost 3-fold to the baseline level, and reperfusion could decrease it. The baseline pacing threshold (0.71 Ϯ 0.24 V) significantly increased 30 minutes after ischemia, reached peak value at 40 minutes (1.99 Ϯ 1.36 V), decreased significantly 5 minutes after reperfusion (1.06 Ϯ 0.46 V), and then remained stable.
There are only 2 cases in the literature describing pacemaker malfunction secondary to MI with subsequent normalization of the parameters. 1, 5 Chen et al 1 and Upadhyay et al 5 reported that pacemaker function returned back to normal at 40 and 45 days, respectively, after stent implantation in the proximal segment of the RCA. Unlike these 2 cases, our patient showed an almost immediate recovery of pacemaker function, probably owing to the very early revascularization. The diagnosis of acute MI in pacemaker-dependent patients may be difficult, and the absence of typical symptoms makes this diagnosis even more challenging. Acute MI with no chest discomfort occurs in up to one-third of cases. These patients are more likely to be older, diabetic, and female, as in the present case. Acute MI patients without chest pain at presentation are less likely to receive appropriate treatment (including primary angioplasty) and experience higher mortality rates. 10 In our case, syncope contributed to the early diagnosis of MI. Syncope as the sole symptom of pacemaker malfunction is a very uncommon presentation of acute MI. Considering that rapid reperfusion improves the prognosis of acute MI and can restore pacemaker normal function very early in the course of MI, it is fundamental to keep this unusual form of presentation in mind.
Conclusion
RV MI may cause a sudden increase in pacemaker stimulation thresholds and RV undersensing. In situations of sudden presentation, especially in devices with previously stable parameters, such possibility should always be considered despite the lack of typical MI symptoms. This pacemaker malfunction may be transitory, and normalization can be achieved with revascularization. We presented here a 
KEY TEACHING POINTS
Right ventricular (RV) myocardial infarction (MI) is a potential reason for sudden increase in pacemaker stimulation thresholds and RV undersensing.
In situations of sudden pacemaker malfunction, especially in devices with previously stable parameters, such possibility should always be considered despite the lack of typical MI symptoms.
Routine pacemaker reprogramming in RV MI patients until coronary reperfusion is obtained is a possible practical implication, considering the potential transient threshold elevation. patient in whom early revascularization was associated with early improvement of the pacing threshold. Routine pacemaker reprogramming in RV MI patients until coronary reperfusion is obtained, considering the potential transient threshold elevation, is a possible practical implication of the present case report. 
